Prospective performance of the Prostate Health Index in prostate cancer detection in the first prostate biopsy of men with a total prostatic specific antigen of 4e10 ng/mL and negative digital rectal examination 
Introduction
The incidence of prostate cancer in Thailand has increased from the 6 th to the 3 rd most common cancer in Thai males in 10 years.
1,2
The incidence is lower, but the mortality to incidence ratio is higher in several countries in Asia than Caucasian ethnic groups. 1 This means that early detection of prostate cancer is very important in Asian countries. Prostatic specific antigen (PSA) testing in conjunction with digital rectal examination (DRE) is a screening tool in diagnosis of prostate cancer. PSA-based screening demonstrated 21% mortality risk reduction but leads to over diagnosis and over treatment. 3 The indication for transrectal ultrasound with biopsy for the detection of prostate cancer is a total serum PSA level !4 ng/mL or abnormal findings from a DRE. The disadvantage of the PSA test is that although it has a high sensitivity, its specificity is low regarding the detection of prostate cancer as it is not prostate cancer specific. 3, 4 An elevation of serum tPSA can also show a correlation with other causes, including infection, and prostate manipulation. This low specificity of the tPSA test leads to unnecessary prostate biopsies. It is recognized that prostate biopsies should be carried out only if necessary due to the significant morbidity after a prostate biopsy, especially the case of septic complications. Unnecessary prostate biopsies can also lead to over diagnosis, overtreatment, anxiety, and costs. PSA derivatives such as free PSA (f PSA), PSA density, and PSA velocity have been used to increase the specificity. The p2PSA is the most specific isoform existing in the serum of men with prostate cancer. 5, 6 The Prostate Heath Index (Beckman Coulter Inc, CA, USA) is the formulation of three biomarkers (p2PSA, tPSA, and f PSA).
Systematic review and literature review demonstrated that the result of this calculation is the most reliable for the detection of a specific cancer. 4,7e9 The PHI is also useful in active surveillance of disease progression, 10 prediction of early biochemical recurrence after radical prostatectomy, 11, 12 and prediction of high-grade cancer. 13 We carried out a prospective study into the rate of detection and aggressiveness of prostate cancer in Thai patients with a PSA between 4e10 ng/mL with a normal DRE.
Patients and methods

Patients
We prospectively evaluated 101 male outpatients who underwent first transrectal ultrasound with a prostate biopsy. All patients had a serum PSA of 4e10 ng/mL and nonsuspicious DRE of prostate cancer. All patients had no acute prostate or urinary tract infection, were not undergoing any treatment with a 5a-reductase inhibitor, and had had no previous treatment involving transurethral resection of the prostate and no prior androgen replacement therapy.
Study outcome
The primary outcome is the diagnosis of prostate cancer based on transrectal ultrasound with a prostate biopsy. The secondary outcome is the diagnosis of high-grade prostate cancer [Gleason score (GS) ! 7] based on the biopsy results.
The Institution Review Board of the Faculty of Medicine, Chiang Mai University approved this study.
Methods
In each patient, a blood sample for analysis of tPSA, f PSA, and p2PSA levels was drawn before the prostate biopsy. The blood sample was collected in Becton Dickinson SST II tubes, was centrifuged at 2,000 g for 4 minutes within 3 hours of collection, and was subsequently stored at e70 C until analysis. A transrectal ultrasoundeguided biopsy was performed with 10e12 biopsy cores. The serum PHI was calculated using the formula: (p2PSA/f PSA @/PSA).
The prostate specimens were prepared and evaluated by experienced pathologists. The pathologists were blinded to the results of the laboratory tests. Identification and grading of any adenocarcinoma was carried out according to the definition included in the 2005 Consensus Conference of International Society of Urological Pathology.
Statistical analysis
The area under the receiver operating characteristic (AuROC) curve was used to estimate tPSA, f PSA, p2PSA, and the PHI using tPSA level as the standard. The sensitivity and specificity of each variable were calculated.
Results
Sixteen of 101 patients who underwent transrectal ultrasound with biopsy were positive for prostate cancer. Prostate cancers identified with a sum GS of 6,7, and 8 were 6 (37.5%), 4 (25%), and 6 (37.5%), respectively. There was no significant difference in age, tPSA, and % f PSA level between cancer and no cancer groups. Patients with prostate cancer had significantly higher 2pPSA and PHI levels (Table 1) . Sensitivity, specificity, Likelihood ratio LRþ, and LRÀ of all PSA derivatives are shown in Table 2 . The PHI cutoff at 34.14 (90% sensitivity) demonstrated the highest specificity compared with the tPSA, % f PSA, and 2pPSA. The PHI at this cutoff has highest AuROC compared with other PSA derivatives (Table 3 and Fig. 1 ). At the PHI cutoff of 34.14, only two cases had prostate cancer with a GS 3 þ 4; there was no patient with GS 4 þ 3 and !8 at this cutoff level (Table 4) . The characteristics of studies for the PHI in Caucasian and Asian patients are shown in Table 5 .
Discussion
The disadvantage of PSA-based screening is the increasing number of men undergoing unnecessary prostate biopsies. PSA level can be elevated by benign conditions such as large benign prostate hyperplasia, prostatitis, and manipulation of the prostate. The specificity of a PSA level <10.0 ng/mL to the detection of prostate cancer was only 25%.
5e7 PSA derivatives such as f PSA, PSA doubling time, and PSA velocity were used to improve the reliability of discriminating between men with and without cancer, but none of them have demonstrated a high specificity in clinical practice. Pro-PSA is of greater concentration in malignant cells, whereas f PSA is higher in hyperplastic transition zone tissue. Four pro-PSA isoform, (À2) pro-PSA, (À4) pro-PSA, (À5) pro-PSA, and (À7) pro-PSA, exist in serum, but (À2) pro-PSA is the only form specific to prostate cancer.
3,4 (À2) pro-PSA has been studied in detail with the aim of enhancing the accuracy of diagnosis of prostate cancer and also assessing the aggressiveness of the tumor. The PHI resulting from a calculation involving the three biomarkers has a greater AuROC than % f PSA and p2PSA. The Food and Drug Administration approved the use of this test in 2012 for the detection of prostate cancer. The PHI can maintain high sensitivity, which was already possible with existing tests, but it has a higher specificity for prostate cancer. 14e24 This test can avoid unnecessary biopsies by between 39% and 57%. 19, 21, 23, 24 The PHI is used in the diagnosis of prostate cancer in gray zone PSA (2 ng/mL to 10 ng/mL, or 4 ng/mL to 10 ng/mL) at the first biopsy of standard or extended biopsy, prediction of early biochemical recurrence after radical prostatectomy, 11, 12 and prediction of high-grade cancer. 13 Recently, data demonstrated that the PHI testing appears to be promising noninvasive biomarker for improvement of prostate cancer detection and providing prognostic information. 4 Catalona et al compared the specificity and area under the cuve (AUC) of the PHI with the percentage of f PSA to detect overall incidence of prostate cancer and also prostate cancer with a GS ! 7. The risk of overall prostate cancer was increased 4.7-fold, and the risk of high-grade cancer (GS !7) was 1.61-fold for PHI and f PSA. AUC for PHI and % f PSA in the detection of prostate cancer with GS !4 þ 3 were 0.724 and 0.670, respectively. 16 The increasing use of the PHI and % p2PSA in active surveillance in the treatment of lowrisk prostate cancer can enable the prediction of aggressive pathologies such as pT3 tumors and tumors with a GS ! 7 and tumor volume > 0.5 mL. This test may also be the most reliable test to use to identify nonaggressive cancer for active surveillance. 10 Jansen et al confirmed the positive impact of the PHI and % p2PSA scores in increasing prostate cancer diagnosis but reported its limited value in the detection of high-grade cancer. 18 Recently, the PHI was studied in the treatment of Asian patients. Tan et al studied the use of the PHI in the detection of prostate cancer in 157 Asian males with a tPSA of 4e10 ng/mL. The rate of detection was 19.1%. At the PHI cutoff level of 26.75, 49% of patients could have avoided prostate biopsies. At 90% sensitivity, the PHI was three times more useful at predicting prostate cancer in the initial biopsy. But at this PHI level, the diagnosis of prostate cancer was missed in three patients; two of them were at GS 3 þ 3, and one at GS 4 þ 3. At a PHI level of 55, 42.9% of patients had prostate cancer, and all of them were at GS > 6. 19 Ng et al reported a retrospective study of the PHI in detection of prostate cancer in men with PSA 4e10 ng/mL with normal DRE. 24 The detection rate was only 9% in our study, which was low, compared with that in the study by Tan et al, but use of PHI demonstrated the best performance in detection of prostate cancer (AUC of PHI: 0.781 and AUC of tPSA: 0.547). Yu et al studied the performance of PHI in the detection of prostate cancer in patients of PSA ! 4 with a negative DRE and transrectal ultrasound. The AUC scores of PHI, % f PSA, and tPSA were 0.853, 0.751, and 0.598, respectively. The PHI was the best predictor of prostate biopsy results especially in the case of patients with tPSA 10.1e20 ng/mL. These data could be used to avoid unnecessary biopsies. 22 Chiu et al extended use of PHI and {-2} pro-PSA in detection of prostate cancer in Chinese men with PSA 10e20 ng/mL and a normal DRE. Seventeen percent of patients were diagnosed with cancer on biopsy. This led to the finding that 57.1% of biopsies could be avoided with a PHI cutoff of 35. 21 The PHI was the best predictor of prostate biopsy results especially in patients with a tPSA of 10.1e20 ng/mL to avoid unnecessary biopsies. The PHI improved the cost-effective nature of prostate cancer detection with a 17% reduction in costs of diagnosis and a 1% reduction in the total costs for treatment of prostate cancer. These reductions were due to a decrease in the number of unnecessary biopsies. 25, 26 A systematic review and meta-analysis study involving Caucasian patients demonstrated that % p2PSA and PHI could guide the decisions regarding the need for a prostate biopsy. 5, 6 However, only two studies from Asia, which involved patients with a tPSA 4e10 ng/dl and a negative DRE, were included in this systematic review. 5 Most patients in Western studies were patients with a PSA PHI < 34.14 5 !34.14 11 GS score 6 PHI < 34.14 3 !34.14 3 GS score 7 PHI < 34.14 2 (all GS 3 þ 4) !34.14 2 (1 of GS 3 þ 4, 1of GS 4 þ 3) GS score 8 PHI< 34.14 6 ! 34.14 0 At PHI cutoff < 34.14.
Only two cases had significant prostate cancer (GS 3 þ 4); no cancer ! GS 8. GS, Gleason score; PHI, Prostate Health Index.
level between 2 ng/mL and 10 ng/mL, but in Asian patients, it was 4e10 ng/mL. The detection rate of cancer was higher in western studies, which was 40e55%; whereas it was 10e26% in Asian studies. Two studies from Asia in patients with PSA level >10 ng/mL showed the detection rate was high (46.2%). All studies with the PHI demonstrated that AuROC of tPSA was lower than AuROC of PHI in detection of prostate cancer; PHI testing can avoid unnecessary biopsy in 31e57% of patients. The strengths of this study were the prospective collection of blood samples before the biopsy procedure, the performance of the transrectal ultrasound with biopsy by experienced urologists, and the interpretation of specimens by experienced pathologists. The limitation of the study is the relative small sample size and also the possibility of false negative biopsies.
Conclusion
The PHI increased the specificity in detection of prostate cancer in men with a PSA 4e10 ng/mL and negative DRE. This test also increased the detection rate of high-grade cancer. This test is a very useful and valid tool for discrimination between men with or without prostate cancer in clinical practice to avoid unnecessary prostate biopsy.
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